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REMARKS 

In view of the above amendments and the following remarks, reconsideration of the 
objections and rejections set forth in the Office Action of October 7, 2004 is respectfully requested. 

In order to make necessary editorial corrections, the entire specification and abstract have 
been reviewed and revised. As the revisions are quite extensive, the amendments to the specification 
and abstract have been incorporated into the attached substitute specification and abstract. For the 
Examiner's benefit, a marked-up copy of the specification indicating the changes made thereto is 
also enclosed. No new matter has been added by the revisions. Entry of the substitute specification 
is thus respectfully requested. 

The Examiner objected to the drawings because Figures 1 A, 1 B, and 1 C require a designation 
such as "Prior Art." In order to address this objection, a set of new formal drawings, including new 
formal Figures 1 A through 1 C, has been prepared and submitted herewith. In particular, new formal 
Figures 1 A through 1C have now each been labeled as "Prior Art." As a result, it is respectfully 
submitted that the Examiner's objection to the drawings has been overcome. 

The Examiner has rejected claim 1 as being anticipated by the Applicants Admitted Prior Art 
(AAPA); and has rejected claims 2-6 as being unpatentable over the AAPA in view of the Goto 
reference (USP 528,074) and the Hayashi reference (USP 4,902,726). However, as indicated above, 
original elected claims 1 -6 have been cancelled (in addition to previously-cancelled non-elected 
claims 7-16), and have been replaced with new claims 17-23. For the reasons discussed below, it 
is respectfully submitted that the new claims are clearly patentable over the prior art of record. 

New independent claim 17 is directed to a semiconductor device that comprises a 
semiconductor substrate having a via hole that penetrates the semiconductor substrate from a first- 
side surface to a second-side surface, an electrode on the first-side surface, and a photosensitive resin 
formed over the first-side surface of the semiconductor substrate. As illustrated in the embodiment 
shown in Figure 2 of the present application, the photosensitive resin 260 is formed so as to cover 
at least a portion of the first-side surface including an aperture of the via hole 220, and the area of 
the at least a portion is larger than an area of the aperture of the via hole 220. Furthermore, the 
photosensitive resin 260 fills in the via hole 220 to a depth that is less than the entire depth of the 
via hole 220. 
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Because the photosensitive resin covers at least a portion of the first-side surface that 
includes an aperture of the via hole, and because the area of the at least a portion covered by the 
photosensitive resin is larger than the area of the aperture of the via hole, a portion of the 
photosensitive resin will be located above the rim of the via hole, as illustrated in Figure 2. As a 
result, as generally explained on page 12, lines 9-16 of the original specification, the photosensitive 
resin material will completely prevent any adhesive material applied to the opposite side (the second- 
side surface) of the semiconductor substrate from undesirably flowing out of the via hole and over 
the first-side surface of the semiconductor substrate. 

The AAP A teaches a conventional semiconductor device in which a semiconductor substrate 
1 00 has a via hole 1 1 0, 1 40. As the Examiner noted in the Office Action, the AAP A teaches that the 
via hole can be filled with a photocuring resin. However, the AAPA does not disclose or suggest 
that a photosensitive resin is formed over a first-side surface so as to cover at least a portion of the 
first-side surface that includes an aperture of the via hole, and in which an area of the at least a 
portion is larger than an area of the aperture of the via hole. In this regard, the Examiner is requested 
to note that Figure 1C discloses adhesive metal 170 filling the via hole 140 and flowing out of the 
via hole 140, but does not disclose or suggest a photosensitive resin formed over a first-side surface 
of a semiconductor substrate as recited in new independent claim 17. In fact, Figure 1C illustrates 
the undesirable phenomenon that the present invention prevents. Therefore, it is respectfully 
submitted that the AAPA does not anticipate or even suggest the invention recited in new 
independent claim 17. 

The Goto reference discloses a microwave semiconductor device, and the Hayashi reference 
discloses a photosensitive composition solution. However, the Goto reference and the Hayashi 
reference also do not , either alone or in combination, disclose or suggest a photosensitive resin 
formed over a first-side surface of a semiconductor substrate so as to cover at least a portion of the 
first-side surface including an aperture of a via hole, in which the area of the at least a portion is 
larger than an area of the aperture of the via hole. Therefore, one of ordinary skill in the art would 
not be motivated by these references to modify the AAPA in order to obtain the invention recited 
in new independent claim 17. Accordingly, it is respectfully submitted that new independent claim 
17 and the claims that depend therefrom are clearly patentable over the prior art of record. 
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In view of the above amendments and remarks, it is submitted that the present application 
is now in condition for allowance. However, if the Examiner should have any comments or 
suggestions to help speed the prosecution of this application, the Examiner is requested to contact 
the Applicant's undersigned representative. 



WDH/gtg 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
January 7, 2005 



Respectfully submitted, 




Registration No. 44,142 
Attorney for Applicants 



TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD 
THEREOF 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001] The present invention relates to manufacturing of a 
semiconductor chip, and especially to a semiconductor device that 
prevents a defect at the time of manufacturing by filling in resin into 
a via hole of a semiconductor chip and its manufacturing method. 

(2) Description of the Related Art 

[0002] Up to now, a compound semiconductor device made of 
Field Effect Transistors (hereinafter, referred to as FET) or hetero 
bipolar transistors (hereinafter, referred to as HBT) has long been 
l ong used as a high output power amplifier for transm i ss i on, 
transmission in a part of a cell phon e — a&4 — phone, in which 
outstanding characteristics such as high output, high gain and low 
distortion are required. To meet this requirement, and especially to 
earn higher gain, together with upgrading a semiconductor element 
such as an FET, in a manufacturing process, a ground wiring is not 
pulled out from an electrode pad on a chip by a wire, but through a 
via hole that penetrates the chip from the reverse side. When a 
source electrode of an FET for amplification is grounded using this 
technique, it is possible to significantly reduce s i gnif i cantly parasitic 
source inductance and increase a gain of a power amplifier. 
[0003] Hereinafter, a manufacturing method of a semiconductor 
device having a via hole structure is explained using a cross- 
sectional view shown in Fig. 1. 

[0004] For a start, as shown in Fig. 1A, on a surface of a GaAs 
substrate 100 on which a circuit made up of an FET, resistance, a 
capacitor and an inductor is formed, a hole 110 to be a via hole is 
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formed with a depth of about 150 pm. Then, after Au plating 120 is 
formed on a part of an electrode and the hole 110 to be the via hole, 
a protective film 130 is formed on the top surface. At this time, it is 
more advantageous to form the hole 110 to be the via hole on the 
surface of the GaAs substrate than on the reverse side of the GaAs 
substrate in terms of simplicity of process. 

[0005] Next, as shown in Fig. 1B, the hole 110 to be the via hole 
is penetrated by grinding the GaAs substrate 100 to b e an a bout so 
that the substrate becomes an approximate l 00 pm-thin film and so 
that a via hole 140 is formed. Then, laminated metals, Cr and Au, 
are evaporated on the reverse side of the GaAs substrate 100 and a 
reverse electrode 150 is formed. Then, although it is not illustrated, 
the GaAs substrate 100 is dice-cut into ch i p - l i k e s chips . 
[0006] Next, as shown in Fig. 1C, a chip is dice-bonded on a-an 
assembly substrate for ass e mb l y 160 via an adhesive metal 170, 
either Ag paste or AuSn paste. 

[0007] By th e way, i n In the process of dice-bonding the chip 
included in the manufacturing method of the semiconductor device, 
the adhesive metal 170 spurts out from the via hole 140 and pollutes 
a circuit on the surface of the chip. 

[0008] As a prior art arrangement to solve tfre— this problem, 
"Manufacturing Method of Semiconductor device" (refer to Japanese 
Laid-Open Patent application No. 2001-110897) i s d i sc l os e d was 
developed . According to this app li cat i on that reference , in a proc e ss 
of-a- the manufacturing method shown in Fig. 1A, the hole 110 to be 
the via hole is filled in with photocuring r e s i n; i n a resin. In the 
process shown in Fig. 1B, a reverse side electrode is formed o-n-all 
over the reverse side of the GaAs substrate 100 including a via hole 
aperture, which is covered with the reverse side ele ctrode electrode, 
and then the photocuring resin is removed with organic so l v e nt; 
solvent. Thus, spurting out of the adhesive metal 170 at the time of 
dice-bonding is prevented. 
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[0009] In the conventional manufacturing method of a 
semiconductor device, however, the GaAs substrate is soaked in toe 
organic solvent and dried when the photocuring resin is removed, so 
there is a problem [riJhat it is difficult to handle the GaAs substrate 
because it becomes a thin film and breaks. Additionally, in the 
conventional manufacturing method of the semiconductor device, the 
spurting out of the adhesive metal is prevented by the reverse side 
electrode. B-y^- However, there is a problem in_that when the reverse 
side electrode is thin, it is not sufficient to cover the via hole 
aperture; holes open up in the reverse side electrode; and the 
adhesive metal spurts out; on out. On the other hand, when the 
reverse side electrode is thick, it is difficult to dice-cut. 
Furthermore, in the conventional manufacturing — method of 
manufacturing the semiconductor device, the photocuring resin fills 
in only the via frole ^hole, and the via hole aperture on the surface of 
the GaAs substrate is not fully covered with the photocuring r e s i n; 
a-rv4~ resin. In that case, there is a problem jnjhat when the adhesion 
between the plating on the sidewall of the via hole and the 
photocuring resin is weak, the spurting out of the reverse side metal 
to the surface of the chip occurs at the time of the vapor deposition 
of the reverse side electrode. 

SUMMARY OF THE INVENTION 

[0010] To achieve the object, the semiconductor according to the 
present invention is a semiconductor device that includes a 
semiconductor substrate having a via hole that penetrates the 
semiconductor substrate from a surface to a reverse s i d e , wh e r ei n a 
side. A part of an electrode formed on the surface of the 
semiconductor substrate reaches the reverse side of the 
semiconductor substrate through the via hole, and an inside of the 
via hole is filled in with a photosensitive resin to fully cover an 
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aperture of the via hole on the surface of the semiconductor 
substrate. Here, it is acceptable that a main ingredient of the 
photosensitive resin is silicone resin or epoxy fe€4fi— resin, and that 
viscosity of the photosensitive resin at 25° is 70-600 m Pa • s. Thus, 
since the via hole of the semiconductor substrate is filled in with the 
photosensitive resin and the photosensitive resin is not removed, a 
semiconductor device that has no spurting out of an adhesive metal 
and prevents a defect at the time of manufacturing is achieved. 

H e r e by, s i nc e th e v i a ho le of th e semiconductor substrat e i s 
fil le d i n w i th th e photos e ns i t i v e r e sin and th e photos e ns i t i v e r e s i n is 
not r e mov e d, an e ff e ct to re al iz e th e sem i conductor devic e that has 
no spurting out of an a dh e s i v e m e t al a nd pr e v e nts a def e ct at the 
t i m e of manufactur i ng is achi e v e d. 

[0011] Additionally, it is tolerable that the photosensitive resin is 
filled in more shallowly than the depth of the via hole. Thus, when 
the semiconductor substrate is grinded to form the via hole, the 
photosensitive resin has no influence. Therefore, an effect to realize 
a low-cost semiconductor device that significantly reduces damage 
such as yield is achieved. 

H e r e by, wh e n th e s e m i conductor substr a t e i s gr i nd e d to form 
the — v+a — hol e , — tte — photos e ns i tiv e — res i n — has — ns — i nflu e nc e , — and 
th e r e for e , an e ff e ct to r e al i z e a low - cost s e m i conductor d e vic e th a t 
sign i ficant l y r e duc e s dam a g e such as y iel d i s ach ie v e d. 
[0012] Moreover, the present invention may be a manufacturing 
method of a semiconductor including a semiconductor substrate 
having a via hole that penetrates the semiconductor substrate from a 
surface to a reverse side and a substrate for assembly connected to 
the reverse side of the semiconductor substrate via an adhesive 
meta l , th e metal. The manufacturing method compris i ng: comprises a 
photosensitive resin filling process of rotating the semiconductor 
substrate, applying a photosensitive resin to a surface of the 
semiconductor substrate on which a hole to be a via hole is formed, 
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and filling in an inside of the hole to be the via hole with the 
photosensitive resin to fully cover an aperture of the hole to be the 
via frole^ hole. The method further comprises a photosensitive resin 
flattening process of rotating the semiconductor substrate and 
flattening the photosensitive resin on the surface of the 
semiconductor substrate; a v i a hol e form i ng proc e ss of gr i nd i ng th e 
substrate. The reverse side of the semiconductor substrate is ground 
until the hole to be the via hole appears and form i ng the via ho le ; 
hole is formed, and a r e v e rs e sid e ele ctrod e forming proc e ss of 
forming a reverse side electrode is formed on the semiconductor 
substrat e ; — a-fvd — a — l ay i ng — proc e ss — of d i v i d i ng — ttve substrate. The 
semiconductor substrate is divided chip by ch i p chip, and laying the 
divided semiconductor substrate is laid on the substrate for 
assembly via an adhesive metal. 

[0013] Here, it is satisfactory that a photosensitive resin whose 
main ingredient is silicone resin or epoxy resin is applied in the 
photosensitive resin filling process, that a photosensitive resin 
whose viscosity at 25° is 70~600 m Pa • s is applied in the 
photosensitive resin filling proc e ss process, and that the adhesive 
metal is either Ag paste or AuSn paste, and chips are laid on the 
substrate for assembly via either Ag paste or AuSn paste in the 
laying process. 

[0014] Furthermore, it is acceptable that the semiconductor 
substrate is rotated at 200 ~ 900 rpm in the photosensitive resin 
filling process, and the semiconductor substrate is rotated i n order 
so that a film thickness of the surface of the photosensitive resin 
becomes 4 ~ 10 |jm in the photosensitive resin flattening process 
and that a photosensitive resin whose viscosity at 25° is 70-600 m 
Pa • s is applied in the photosensitive resin filling process. 
[0015] H e r e by, s i nc e Since the adhesive metal does not spurt 
out when the chips are laid on the substrate for assembly and it is 
not necessary to add a process to remove the photosensitive resin, 
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an e ff e ct to r e aliz e a manufacturing method of t**e~a_semiconductor 
that has no spurting out of an adhesive metal and prevents a defect 
at the time of manufacturing is achieved. 

[0016] As further information about technical background to this 
application, Japanese patent application No. 2002-224554 filed on 
August 1, 2002 is incorporated herein by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] These and other subjects, advantages and features of the 

invention will become apparent from the following description thereof 

taken in conjunction with the accompanying drawings that illustrate a 

specific embodiment of the invention. In th e Dr a w i ngs: 

[0018] Fig. 1A-1C are cross-sectional views of a semiconductor 

device that has a conventional via hole structure showing a 

manufacturing method of the semiconductor device. 

[0019] Fig. 2 is a cross-sectional view of a semiconductor device 

according to the embodiment of the present invention. 

[0020] Fig. 3A-3D are cross-sectional views of the 

semiconductor device showing a manufacturing method of the 

semiconductor device. 

[0021] Fig. 4 is a flowchart showing the manufacturing method of 
the semiconductor device according to the present embodiment. 
[0022] Fig. 5 is a graph showing the relationship between the 
depth of the photosensitive silicone resist 260 that fills in the hole 
310 to be - form the via hole and the number of revolutions (rpm) 
when the number of revolutions (rpm) is changed at S420 in the 
flowchart of Fig. 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 
[0023] The semiconductor device according to the present 
embodiment of the present invention will be explained below with 
reference to the figures. 
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[0024] Fig. 2 is a cross-sectional view in outline of a 
semiconductor device according to-4b-e an embodiment of the present 
invention. 

[0025] The semiconductor device according to the present 
embodiment aims to realize a semiconductor device that has no 
spurting out of an adhesive metal and prevents a defect at the time 
of manufacturing. The semiconductor device is made up of a GaAs 
substrate 200 that is a semiconductor substrate; a semiconductor 
element 210; a via hole 220 that is 70 pmcp in diameter and 
penetrates the GaAs substrate 200 from the surface (first side) to the 
reverse (second side) side; Au plating 230 that grounds a source 
electrode 212 to the reverse (second) side of the GaAs substrate 
200 through the via hole 220; a reverse side electrode 240 made of 
laminated metals of Cr and Au; a protective film 250; a negative-type 
photosensitive silicone resist 260 that is form e d in has a 4~10 (jm- 
film thickness in the vicinity of the via hole 220 on the surface (first 
side) of the GaAs substrate 200, fills in the via hole 220 with to a 
depth of about 30 pm d e pth 30 um, and prevents the spurting out of 
the adhesive metal at the time of dice-bonding; a — an assembly 
substrate for ass e mb l y 270 that is a lead frame; and an adhesive 
metal 280 that is either Ag paste or AuSn paste and bonds the 
assembly substrate for ass e mb l y 270 and the GaAs substrate 200. 
By th e way, th e The GaAs substrate 200 may also be another 
semiconductor substrate such as an InP substrate, a GaN substrate, 
a compound semiconductor substrate or a — an Si substrate. 
Additionally, the Au plating 230 is described to ground a source 
electrode 212 to the reverse (second) side of the GaAs substrate 
2QQ 200, but the Au plating 230 may ground another electrode formed 
on the surface (first side) of the GaAs substrate 200 to the reverse 
(second) side of the GaAs substrate 200 or a plurality of electrodes 
to the reverse side of the GaAs substrate 200. 

[0026] Here, the semiconductor element 210 is a three-terminal 
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element such as a bipolar transistor, an FET or an HBT, and is made 
up of an element region 211, a source electrode 212, a gate 
electrode 213 and a drain electrode 214. I n add i t i on, Although the 
semiconductor element 210 is described to b e as the three-terminal 
ele ment but element, it may also be a two-terminal element such as 
a laser diode, a rectification diode or a multi-terminal element; it may 
be an integrated circuit made up of a plurality of semiconductor 
elements, an analogue integrated circuit including an inductor and a 
capacitor or a microwave integrated circuit including an inductor and 
a capacitor. 

[0027] Moreover, the photosensitive silicone resist 260 is tfre-a 
silicone resin whose main ingredient is siloxane resin manufactured 
by Shin-Etsu Chemical Co., Ltd. (product name: SINR-31 70-7.0 or 
SINR-31 70L-7.0). By th e way, th e The photosensitive silicone resist 
260 may also be the — an ultraviolet curing resin whose main 
ingredient is epoxy resin. Furthermore, the photosensitive silicone 
resist 260 may be a positive type. 

[0028] Next, a manufacturing method of a semiconductor device 
having the structure described above is explained according to a 
cross-sectional view shown in Fig. 3 and a flowchart shown in Fig. 4. 
[0029] It should be noted that the same component parts as in 
Fig. 2 are given the same numbers and a detailed explanation of 
them is omitted here. 

[0030] For a start, as shown in Fig. 3A, after a hole 310 to be a 
via hole is formed with a depth of 150 |jm on the first-side surface of 
the GaAs substrate 200 on which the semiconductor elements (not 
illustrated) are formed, the Au plating 230 is formed on a part of an 
electrode and the hole 310 to be the via hole that are formed on the 
first-side surface of the GaAs substrate 200 (Step S400). Then, the 
protective film 250 that covers the semiconductor elements and the 
Au plating 230 is formed (Step S410). Then, after the GaAs 
substrate 200 is rotated using a spin coat with a low speed of about 
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750 rpm and the photosensitive silicone resist 260 is applied to the 
surface of the GaAs substrate 200 on-\r\ which the hole 310 to be the 
via hole is formed, the GaAs substrate 200 is rotated for about one 
m i nut e minute, and the hole 310 to be the via hole is filled in with 
the photosensitive silicone resist 260 a t th e to a depth of about 30 
\im (Step S420). Then, furth e r the GaAs substrate 200 is further 
rotated at tfre-a speed of about 3000 rpm for 20 seconds to flatten 
the photosensitive silicone resist 260 on the GaAs substrate 200 in 
about to about a 7 (jm-film thickness (Step S430). At this time, since 
the hole 310 to be the via hole is filled in with the photosensitive 
silicone resist 260 m- to a depth of about 30 um - d e pth 30um , a cavity 
320 with th e a depth of about 120 |jm from the bottom of the 
photosensitive silicone resist 260 is created. By the way, at the time 
of flattening the photosensitive silicone resist 260, the GaAs 
substrate 200 is rotated at the speed of 3000 rpm for 20 seconds, 
but it is acceptable to rotate the GaAs substrate w i th at another 
numb e r of revo l ut i ons speed (rpm) and for other length of time as 
long as the photosensitive silicone resist 260 with good in-plane 
evenness in 4-10 pm-film thickness is formed on the surface of the 
GaAs substrate 200. Additionally, when the hole 310 to be the via 
hole is filled in with the photosensitive silicone resist 260, the GaAs 
substrate is rotated at about 750 rpm, but it is acceptable to rotate 
the GaAs substrate at 200 rpm or more and 900 rpm or less, further 
preferably at 500 rpm or more and 800 rpm or tess -less, as long as 
the hole 310 to be the via hole is filled in with the photosensitive 
silicone resist 260 at tb^-a_depth of 20|jm or more. 
[0031] Next, as shown in Fig. 3B, the photosensitive silicone 
resist 260 is exposed to light, d e v el op e d developed, and left so that 
it fully covers fu ll y the aperture of the hole 310 to be the via hole 
(Step S440). As illustrated in Fig. 3B, the photosensitive resin 260 
covers an area on the first-side surface of substrate 200 that is 
larger than the area of the aperture of hole 310 and that includes the 
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aperture of hole 310. At this time, since the film thickness of the 
photosensitive silicone resist 260 is 4-10 pm on the surface of the 
GaAs substrate 200, i t do e s not occur there is not a problem in that 
the development is difficult because the film thickness is too thick. 
In addition, the development is done by dipping the photosensitive 
silicone resist 260 in developer, IPA (isopropyl alcohol) or ethyl 
lactate after baking the photosensitive silicone resist 260 at 90 °C for 
120 seconds. Then, the photosensitive silicone resist 260 is baked 
at about 200° for 60 minutes and hardened (Step S450). By th e way, 
s-m^e -Since the baking temperature is low, there is no influence of 
the temperature te-on the charact e rs character of the semiconductor 
element. 

[0032] Here, when the viscosity of the photosensitive silicone 
resist 260 is too high, two problems occur: (1) when the 
photosensitive silicone resist 260 is developed, it le av e s remains on 
the electrode part and the like on the GaAs substrate 200 after the 
development and the semiconductor device becomes d e f e ct i v e 
defective; and (2) when the photosensitive silicone resist 260 fills in 
the hole 310 to be the via hole, the f il l i ng i n filling-in cannot be fully 
p e rform e d, and th e r e for e performed. Therefore , it is impossible to 
fully close the hole 310 to be the via hole with the photosensitive 
silicone resist 260. On the other hand, when the viscosity of the 
photosensitive silicone resist 260 is too low, two problems also 
occur: (1) when the photosensitive silicone resist 260 is flattened, 
the film thickness of the photosensitive silicone resist 260 on the 
surface of the GaAs substrate becomes thin or even disappears, a-n4 
th e r e for e , so that it is impossible to fully cover the aperture of the 
hole 310 to be the via hole with the photosensitive silicone resist 
2&Q -260; and (2) when the photosensitive silicone resist 260 fills in 
the hole 310 to be the via hole, the form e r i nf ill s th e la tt e r, and 
th e r e for e , silicone resist 260 fully fills the hole so that the cavity 320 
is not created. Consequently, the viscosity of the photosensitive 
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silicone resist 260 at 25° is determined to be 450 m Pa • s. By th e 
wa-y-; — Ht— It is acceptable that the viscosity of the photosensitive 
silicone resist 260 at 25° is in a range of 70-600 m Pa • s. 
[0033] Next, as shown in Fig. 3C, the hole 310 to be the via hole 
is penetrated by grinding the GaAs substrate into a thin film m- with a 
thickness of about 100 um - f il m thickn e ss 100 urn, and the via hole 
220 is formed (Step S460). Then the reverse (second) side 
electrode 240 is formed by evaporating the laminated metals, Cr and 
Au, on the reverse (second) side of the GaAs substrate 200 (Step 
S470). Then, i t i s although not i l l ustrat e d but illustrated, the GaAs 
substrate 200 is dice-cut into chip -li k e s chips (Step S480). 
[0034] Next, as shown in Fig. 3D, the chips are dice-bonded to 
the assembly substrate for a ss e mbly 270 on which the adhesive 
metal 280 is applied in advance (Step S490). At this time, the 
adhesive metal 280 is pressed by the chips and enters into the via 
hole but the adhesive metal 280 stops after entering a part 

of the cavity 320 and does not spurt out to the surface of the chip 
because there is sm— about a_70 (jm-difference between the under 
lower side of the photosensitive silicone resist 260 and the reverse 
(second) side of the GaAs substrate 200. 

[0035] Fig. 5 is a graph showing the relationship between the 
depth of the photosensitive silicone resist 260 that fills in the hole 
310 to be the via hole and the number of revolutions (rpm) when the 
number of revolutions (rpm) is changed at S420 in the flow chart of 
Fig. 4 showing the manufacturing method of the semiconductor 
device. 

[0036] It can be understood from Fig. 5 that when the number of 
revolutions (rpm) is 200 rpm or more and 900 rpm or less, the 
photosensitive silicone resist 260 with tbe-a depth of 20 pm or less 
is outside of the ± 3 a - rang e and furth e r wh e n a-range. When the 
number of toe-revolutions (rpm) is 500 rpm or more and 800 rpm or 
less, the photosensitive silicone resist 260 with the depth outside of 
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40|jm ± 25% (10 pm)-range is outside of the ± 3 cr-range. The 
present invention us e s th e r e sult achieves results like this. To 
prevent the spurting out of the adhesive metal 280, it is necessary 
that the photosensitive silicone resist 260 is 20 pm in depth inside of 
the via hole 22& 220, and it is preferable that the photosensitive 
silicone resist 260 is 40pm ± 25% in d e pth, and th e r e for e depth. 
Therefore , the number of toe-revolutions (rpm) is described to be 
200 rpm or more and 900 rpm or le-s-s -less, and preferably be-500 
rpm or more and 800 rpm or less. 

[0037] As is described above, according to the present 
embodiment, the semiconductor device has the photosensitive 
silicone resist within the via hole. Consequently, it is possible to 
prevent the spurting out of the adhesive metal that occurs when the 
chips are dice-bonded on the substrate for th e ass e mbly, — a^ 
th e r e for e for assembly. Therefore , the semiconductor device 
according to the present embodiment can realize a semiconductor 
that has no spurting out of an adhesive metal and its manufacturing 
method. 

[0038] Additionally, according to the present embodiment, the 
photosensitive silicone resist in the via hole is not removed. As a 
result, since the process to remove the photosensitive silicone resist 
is not necessary, the semiconductor device according to the present 
embodiment can realize a semiconductor device that prevents a 
defect at the time of manufacturing and its manufacturing method. 
[0039] Moreover, according to the present embodiment, the 
photosensitive silicone resist fills in the via hole so that a cavity is 
formed in the hole to be the via hole. Consequently, the 
photosensitive silicone resist does not have a bad influence that 
occurs at the time of grinding the GaAs substrate such as grinding 
unevenness r e su l t e d resulting from a_difference in hardness of the 
photosensitive silicone resist and the GaAs substrat e , and th e refor e 
substrate. Therefore , the semiconductor device according to the 
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present embodiment significantly reduces damage of yield and the 
like and can realize a low-cost semiconductor device and its 
manufacturing method. 

[0040] Furthermore, according to the present embodiment, the 
aperture of the via hole on the surface of the GaAs substrate is fully 
covered by the photosensitive silicone resist. As a result, since the 
spurting out of the adhesive metal at the time of dice-bonding is 
completely preventable, the semiconductor device according to the 
present embodiment can realize a semiconductor that has completely 
no spurting out of an adhesive metal and its manufacturing method. 
[0041] By the way, i n In the present embodiment, the lead frame 
is exemplified as the substrate for assembly and it is described that 
the chips are dice-bonded on the lead frame. Bn^ MHowever, the 
substrate for assembly is an implementation substrat e substrate, and 
it is acceptable that chips are implemented on the implementation 
substrate. 

[0042] Additionally, in the present embodiment, it is described 
that the photosensitive silicone resist fills in the via hole so that a 
cavity is formed in the hole to be the via hole. But it is acceptable 
that the cavity is not formed as long as any influence that the 
photosensitive silicone resist has when the photosensitive silicone 
resist grinds the semiconductor substrate is within a permissible 
famg-e- ranqe, and it is tolerable that the photosensitive silicone resist 
wfi44^ -completelv fills the hole to be the via hole. 
[0043] As is apparent from the above explanation, by the 
semiconductor device according to the present invention, the 
photosensitive silicone resist fills in the via hole of the 
semiconductor substr a t e substrate, and the photosensitive silicone 
resist is not — r e mov e d, — a-ftd — th e r e for e removed. Therefore , the 
semiconductor device according to the present invention has the 
effect of realizing the semiconductor device that has no spurting out 
of an adhesive metal and prevents a defect at the time of 
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manufacturing and its manufacturing method. 

[0044] Consequently, by the present invention, it is possible to 
provide toe-a_semiconductor device that has no spurting out of an 
adhesive metal and prevents a defect at the time of manufactur i ng 
manufacturing, and its manufacturing m e thod, and th e r e for e method. 
Therefore , its practical value is extremely high. 
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ABSTRACT OF THE DISCLOSURE 

A GaAs substrate 200 is rotated, a photosensitive silicone 
resist 260 is applied on a surface of the GaAs substrate 200 on 
which is located an aperture of a hole 310 to be a via hole, and an 
inside of the hole 310 to be the via hole is filled in with the 
photosensitive silicone resist 260. Next, the GaAs substrate 200 is 
further rotated, changing the number of revolutions (rpm), and the 
photosensitive silicone resist 260 on the GaAs substrate is flattened. 
Next, a reverse (second) side of the GaAs substrate is grinded, the 
hole 310 to be the via hole penetrates the GaAs substrate 200 from 
the first-side surface to the rev e rse sid e second-side surface, and 
the via hole 220 is formed. Next, a reverse (second) side electrode 
240 is formed on the reverse side of the GaAs substrate 200. Next, 
the GaAs sustrate 200 is divided chip by ch i p chip, and chips are 
laid on a substrate for assembly 270 via an adhesive metal 280. 
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